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GLOSSARY

Android: Android is a mobile operating system that is developed by Google. It is
developed based on Linux kernel with added and optimized features for
touchscreen devices such as mobile phones and tablets (“Android (operating
system),” 2015).
Android Wear: Android Wear is a system for smartwatches developed by Google. It is
based on Android system with multiple characterized features including
optimization for extra small screens and Google Now voice control. Android
wear devices usually work with Android phones that are paired with
them(“Android Wear,” 2015).
Application Programming Interface: A set of programming instructions and standards for
accessing a Web-based software application or Web tool.
Context: Context is information that can be used to describe an entity’s situation and
other entities that are related to it. An entity can be anything that is relevant to
users’ interactions in real world, such as a person, a location, or an object. User
themselves and applications are also included (Dey, 2001).
Context-aware computing: Context-aware computing refers to the approach that helps
to understand situations where users are interacting with entities.
Natural Language Processing: The technology that helps computers to understand
natural human languages in text and voice data, as well as produce output that
follows natural language grammar.
Remembrance Agent: A continuously running, proactive memory aid that uses the
physical context of a wearable computer to provide notes that might be
relevant in that context (Rhodes, 1997).
Smartwatch: A smartwatch is a computerized wristwatch with functionality that is
enhanced beyond timekeeping(“Smartwatch,” 2015).
Short Message Service: The service on smartphones that allows users to send and
receive brief, textual communications.
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ABSTRACT

Song, Yuankun. M.S., Purdue University, August 2016. Using Ubiquitous Data to Improve
Smartwatches’ Context Awareness. Major Professor: Alka Harriger.
Nowadays, more and more data is being generated by various software applications,
services and smart devices every second. The data contains abundant information about
people’s daily lives. This research explored the possibility of improving smartwatches’
context awareness by using common ubiquitous data. The researcher developed a
prototype system consisting of an Android application and a web application, and
conducted an experiment where 10 participants performed several tasks with the help
of a smartwatch. The result showed a significant improvement of the smartwatch’s
context awareness running the prototype application, which used ubiquitous data to
automatically execute proper actions according to contexts. This report discusses the
data and approaches that were used in the experiment, as well as how they can be
generalized into real world practice. Recommendations for further study are also
provided to researchers.
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CHAPTER 1.
1.1

INTRODUCTION

Statement of Problem

Nowadays with the popularity of wearable devices, more and more companies
are releasing smartwatches. At the moment, there are two major operating systems for
smartwatches: Android Wear from Google and Watch OS from Apple(Hahn, n.d.).
These products have some differences, but they have many features in common,
such as 1 - 1.5 inch screen displaying health data and notifications, touch control, voice
input etc.
Smartwatches have been a popular topic in the industry, but users have not
shown enough enthusiasm. Based on a report about users’ attitudes toward
smartwatches(Business Insider, 2015), about 80% of the users said they would buy a
new smartphone in the next 6 months, but only 20% of them said they would consider
buying a smartwatch. Smartwatches are generally a kind of accessory that requires a
smartphone to function. The major reasons why people use smartwatches are related to
improving their efficiency and enhancing their experience while dealing with
notifications, messages and other information on their phones(Smith, 2015). This
research is focused on using a variety of contextual data from applications and services
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to recognize scenarios and adjust the actions of their smartwatches based on
predictions of what the users need in the given context. The result from this study will
provide future designers and manufacturers with creative ideas for improving the
usefulness of smartwatches, which should lead to greater user adoption.
1.2

Scope

To know what action to perform and what content should be presented to users,
smartwatches should be able to recognize different scenarios. In this way, smartwatches
will know users’ preference which varies across different time, locations, and events,
becoming smarter in making their users’ lives more efficient.
It is not practical to add more to the hardware of smartwatches due to
limitations of technology, cost, and low battery life. Instead, the focus of this research is
how to better employ existing data from sensors on smart devices along with available
applications and services to provide users with better information via their
smartwatches.
1.3

Significance

Users wear smartwatches to improve their efficiency and experience in getting
information and notifications from their smartphones. As a kind of accessory, a major
advantage of smartwatches is that they are able to present relevant content to users
automatically, without requiring additional steps such as taking out and unlocking
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phones, or scrolling and clicking through many icons. This means that the less input
required from the users, the better smartwatches will be qualified for the role. Users’
preferences, situations and availability vary across scenarios, so it is very important for
smartwatches to recognize different scenarios in order to automatically present proper
feedback to users and execute appropriate operations rather than requiring additional
actions from users. This is an important measurement of how smart these devices are.
Improving context-awareness will also make smartwatches more useful and reduce one
of the most serious problems they are suffering: the high abandonment rate.
1.4

Research Question

Smartphones have become one of the most important tools to society. In
addition, with services from Google, Apple, Microsoft and other web service providers,
data generated on other devices and platforms is also accessible via phones. The data
from these applications and services contains information about most aspects of our
daily life, including location, time, entity, relationships between entities and many other
factors that define a context. By employing ubiquitous data, the researcher asserted
that smartwatches and smartphones could work together to recognize different
contexts without additional hardware. The assertion led to the following question:
Can smartwatches’ ability of recognizing contexts be improved by making use of
ubiquitous data from existing applications and services to automatically execute
appropriate operations?
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To answer the research question, a prototype system consisting of an Android
application and a web application was developed as a proof of concept to demonstrate
the impact of improving contextual awareness by incorporating ubiquitous data into a
smartwatch. Two rounds of testing were conducted to evaluate the impact.
1.5

Assumptions

The proposed study made the following assumptions:
1.

A functional prototype that recognizes contexts could be implemented

on Android Wear platform.
2.

The test accounts and related calendars set up by the researcher would

be sufficient to demonstrate the increased awareness and appropriate behavior
of the smartwatch.
3.

The Internet connection would be sufficient to collect contextual data by

the supporting smartwatch prototype application.
4.

The approaches demonstrated were feasible on not only Android Wear

but also other smartwatch operating systems
5.
stories.

The preset testing scenarios were able to represent typical real-life

5
1.6
1.

Limitations

The implementation of the prototype could only be on the application

level, rather than system level.
2.

The researcher only had one Moto 360 2nd Generation as the device in

the research and testing, which runs Android Wear. The approaches were not
implemented on other smartwatch systems in this study.
3.

The testing was conducted by the researcher under several preset

scenarios. Real-life scenarios can be more complicated, and the result of the
testing can be influenced by users’ different habits and preferences.
1.7

Delimitations

Delimitations were:
1.

This study used a specific Android smartwatch. Other popular

smartwatches running different operating systems, such as Apple Watch, Pebble,
Samsung Gear, were not taken into account
2.

This research only focused on recognizing using contexts based on data

from existing hardware, application and services, rather than redesigning the
hardware or using additional components.
3.

The data sources used by the prototype included text message, GPS and
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Web APIs. They were selected as the representative data sources. Ubiquitous
data covers many more types of data and sources.
4.

The study involved a mock setting defined by the researcher that

represented four different physical spaces. The users were informed about the
dimensions and purposes of each space for this study, but they did not have
typical visual cues to identify each space as there would be in a real setting.
5.

The demonstration was done in several, typical, preset contexts rather

than all applicable contexts.
6.

Participants were all students at Purdue University. The conclusion of this

research may vary with different user groups.
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CHAPTER 2.
2.1

REVIEW OF LITERATURE

Recognizing Contexts by Hardware

In a paper in 2014 (Guiry, van de Ven, & Nelson, 2014), the researchers aimed to
evaluate the ability of smartphones and smartwatches to recognize different physical
activities based on their sensors. These activities covered walking, running, cycling,
standing, sitting, elevator ascents, elevator descents, stair ascents and stair descents,
which are the most common activities in daily lives. A result of 95% for smartphones and
89% for smartwatches in successfully recognizing these activities proved that both
smartphones and smartwatches provided valuable data from sensors. Although the
recognition depended most on accelerometers, it is obvious that other sensors also
provided valuable data and helped with recognizing a subset of activities.
Ubiquitous data from multi sensors across a device is beneficial. However,
typically, sensors are only useful to recognize the basic dimensions of a context. A real
context where users interact with their devices is more complex. It requires more details
about users’ actions. For example, smartphones are able to recognize sitting, but it may
be very important to know what users are interacting with, the status of the interaction,
and what the next interaction will be. This is currently beyond these basic sensors’
ability.
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To improve the situational awareness of smartwatches, former researchers have
been trying various ways to make smartwatches smarter.
A team at Carnegie Mellon University developed two smartwatch prototypes
that were able to recognize what objects users are touching.
The first, TOMO, used Electrical Impedance Tomography (EIT) to recover the
interior impedance geometry of a user’s arm by measuring the cross-sectional
impedances between all pairs of eight electrodes resting on the user’s skin(Laput, Xiao,
Chen, Hudson, & Harrison, 2014). The compact size and the low power requirement of
this technology enabled the team to integrate it into a wrist and arm band.
They evaluated the performance of the device with user testing which asked
users to wear the device and perform two sets of gestures. One set consisted of gross
hand gestures and the other consisted of thumb-to-finger pinches. The device achieved
97% and 87% accuracies on these gesture sets when it was worn on wrist, and 93% and
81% when it was worn on the arm(Laput et al., 2014). This technique can be expected to
be integrated into smartwatches to improve the ability of detecting gestures to improve
performance in interactive tasks.
The other prototype, EM-Sense, adopted a novel sensing approach for on-touch
object detection by making use of the unintentional electromagnetic noise generated by
commonplace objects(Laput, Yang, Xiao, Sample, & Harrison, 2015). They implemented
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this approach by integrating a cheap and compact radio receiver to detect signals and
recognize with software the objects that the wearer is touching. The result showed a
satisfying accuracy. In this way, smart devices are able to recognize interacting objects,
which is one of key factors that defines a context.
All these prototypes are able to obtain data from users’ traditional interactions
with smartwatches, and this data can be used to understand the different meaning of
similar operations in various using contexts, and then provide appropriate feedback to
users. In this way, smartwatches are able to understand what users are doing, and what
kind of feedback should be presented, which will improve users’ experience and
efficiency with the devices.
These prototypes are inspiring, and potentially useful. However, they adopted
additional hardware parts, which do not exist on current products in the market.
Because high price is one of the reasons why many people will not buy smartwatches, it
is not wise to add more complex parts to the hardware, which will make the cost of a
device higher. Also, extra hardware will increase the consumption of battery. This is also
a problem that current smartwatches are suffering.
2.2

Recognizing Contexts by Software

Under the limit of cost and battery consumption, improving the situation
awareness of smartwatches from the perspective of software is a better way.
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Lara and Labrador described the common approaches of HAR (Human Activity
Recognition) in a paper (Lara & Labrador, 2013). They classified the data that were used
into four groups:


Environmental attributes: These attributes, such as temperature,

humidity, audio level, etc., are intended to provide context information
describing the individual’s surroundings.


Acceleration: Triaxial accelerometers are perhaps the most broadly used

sensors to recognize ambulation activities.


Location: The Global Positioning System (GPS) enables all sort of location-

based services. Current cellular phones are equipped with GPS devices, making
this sensor very convenient for context-aware applications, including the
recognition of the users’ transportation mode. The place where the user is can
also be helpful to infer their activity.


Physiological signals: Vital signs data (e.g., heart rate, respiration rate,

skin temperature, skin conductivity, ECG, etc.).
The data can all be accessed via smartwatches and smartphones, so it is possible
to recognize activity by making use of the data without additional hardware.
Furthermore, because today’s smart devices are always connected to other devices and
online services, more kinds of data can be accessed. With the data retrieved, better
services via smartwatches can be provided that results in an improved user experience.
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2.3

Context-Awareness by Ubiquitous Data

A research team(Pascoe, Thomson, & Rodrigues, 2007) presented a user study
where twelve participants were invited to write a diary to record their use of mobile
tools in two days. They found that people did have many behaviors related with
contexts, and many of these participants expressed their hope that these mobile tools
could be context aware.
Some wished that mobile phones could be able to automatically turn themselves
into silent mode when meetings or conferences were scheduled on their calendars.
Some also expressed the hope that smartphones could understand what they needed to
do when they approached different geographic areas.
Current smart devices and tools usually require many manual orders and input
from users to perform certain actions, even in contexts where users do not have much
time availability. These users’ feedback indicates a significant interest in having their
smartphones understand their current status and need to behave more intelligently. On
one hand, this may face many challenges in technology and programming in order to be
perfect, but on the other hand, some context-aware approaches can do this job less
perfectly but practically. There is considerable data on smart devices from which many
context-related cues can be extracted. Making good use of this data can help to improve
context awareness in some easy ways.

12
To demonstrate how the data can be used, a research team described a mobile
application that integrated context-aware features called Conference Assistant that
used ubiquitous data to improve the device’s context awareness and optimize its
interactions with users (Dey, Salber, Abowd, & Futakawa, 1999):
When the wearer of the device is at a meeting, the Conference Assistant first
makes use of information about what content that is being presented and the wearer’s
personal preference to predict what the wearer would like to know. It determines what
to present to the wearer based on multiple data including which meeting room s/he was
in, what is being presented in that location, details about this presentation and who is
doing the presentation. The list of people who have connections with the wearer is also
used by the application to provide the wearer with social-related information. After the
conference, when the user needs to retrieve information about this conference, the
Conference Assistant also makes use of the user’s personal activities in that conference
to help the user to retrieve information in that conference.
The system they described gave an idea of how it is possible to make use of
ubiquitous data to provide what users want to see in relevant contexts. The data from
sensors and other smart devices tells about time, location, activity and users’ status, and
data obtained through connections to other users, devices, services enables an infinite
possibility of knowing and answering more about what users want.
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Similarly, Rhodes, a researcher from MIT Media Lab, describes a RA system that
makes use of ubiquitous data to determine what information to provide to users in
different contexts(Rhodes, 1997):
“The wearer of the RA system is a student heading to a history class.
When she enters the classroom, note files that had previously been entered in
that same classroom at the same time of day will start to appear. These notes
will likely be related to the current course. When she starts to take notes on
Egyptian hieroglyphics, the text of her notes will trigger suggestions pointing to
other readings and note files on Egyptology. These suggestions can be biased to
favour hieroglyphics in particular by setting the subject field to 'hieroglyphics'.
When she later gets out of class and runs into a fellow student, the identity of the
student is either entered explicitly or conveyed through an active-badge system
or automatic face recognition. The RA starts to bring up suggestions pointing to
notes entered while around this person, including an idea for a project proposal
that both students were working on. Finally, the internal clock of the wearable
gets close to the time of a calendar entry reminding the wearer of a meeting, and
the RA brings up pointers to that entry to remind her that she should be on her
way.” (Rhodes, 1997)
In this example the RA uses seven context cues to produce relevant
suggestions(Rhodes, 1997):
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The note itself. The note is processed and converted for analysis based on
keywords.



Physical location of the user, which can be obtained via GPS module, indoor
navigation system or names of location that users manually inputs to the
system.



Other people who are within the wearer’s current context. This data can be
obtained via active-badge system, other people’s wearable devices, or can
be manually input by the wearer.



Subject filed. This can be extracted from text-based data such as email or
input by the user as an extra tag.



Time-related tags, such as data, time, or day of the week. This can be
attached to notes via keyboard or extracted from other data. In retrieval, the
time stamp come from the system’s internal clock.

These examples made use of ubiquitous data to improve devices’ contextawareness and improved users’ experience and efficiency.
However, these papers were published many years ago, so the technologies and
data sources employed in the papers have been updated and are different. Nowadays
smartwatches are able to access many kind of cross-platform, cross-application, crossdevice data. For example, on the Android wear platform, smart devices are able to visit
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users’ Gmail, Google Calendar, Google search history and other data from Google’s
services. This is also true with Apple watches and Apple’s services.
In addition, these models were broadly described as applications on PDAs or
wearables, and the authors did not specify details about the specific devices; therefore,
many of the features are not applicable to smartwatches. For example, because
smartwatches’ screens are very small, it is nearly impossible to display slides and tables
on their screens. Smartwatches have their unique features that are different from other
devices, so it is not proper to only migrate theories and approaches from other devices
without optimization.
In this paper, the researcher took ubiquitous media, including web services and
online data, as important sources of data for recognizing different contexts and
understanding what kind of feedback users prefer in relative contexts.
2.4

Context-Awareness of Android Wear

Context is the holy grail of wearable devices. With the limited real estate of a
watch face, knowing what app, service, prompt or data point a person needs at a
specific moment becomes paramount(Vanhemert , 2014). When Google released its
smartwatch operating system, Android Wear, one of the most impressive and
enlightening features is the context-awareness (“Putting the ‘smart’ in ‘smartwatch,’”
2014). They played a video to show how good it is in recognizing contexts and providing
useful feedbacks accordingly:
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When you are on a bus, the smartwatch shows what the next stop is so that you
will not miss it; If you are heading to a meeting, it keeps updating you with estimated
time to arrive and tells you details of the meeting; When your smartwatch senses that
you are shaking or moving by its sensors, and from the mic it senses music is being
played, it is able to understand you are dancing.
Throughout the demonstration, Google engineers kept on stressing that the
overarching goal was to be more assistive to users by giving them information before
they knew they needed it. In short, the software aimed to provide users with quick
answers to quick questions when and wherever they happen to be their phone(Heisler,
2015).
Benefiting from the feature described above, Android Wear smartwatches can
help users to achieve their goals and improve the efficiency in a smarter way. However,
at the moment, Android Wear heavily depends on voice input. Moreover, as a user of an
Android smartwatch, the researcher has not observed these features work in daily life.
This means that although Android Wear has a high level context awareness, it is not
practical enough at the time this study wss conducted. The researcher’s study employed
more kinds of data, and used more practical and easier-triggered approaches to improve
the context awareness and usefulness of smartwatches.
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CHAPTER 3.
3.1

METHODOLOGY
Framework

The aim of this research was to find out whether we could improve smartwatches’
capability to recognize contexts using ubiquitous data from existing apps and services in
order to automatically execute proper actions. This required not only raising and
discussing ideas, concepts and methods, but also development of a working application
to demonstrate and evaluate the performance.
As stated in chapters 1 and 2, this study focused on achieving this goal without
making changes to the hardware of currently available products. At the time when this
research was conducted, Android Wear was one of the most popular smartwatch
operating systems, and it provided developers with more system privileges, so in this
research the development of the prototype application was for the Android platform,
and data sources were the services of Android and Google.
By making use of data from existing applications and services, this study
explored the possibility of improving context awareness without increasing the cost of
hardware and significant battery consumption.
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The researcher discussed how Android and Android Wear made use of data to
provide useful content to users on their smartwatches. Based on the discussion, the
researcher hoped to fill gaps where data was not well used and context awareness was
weak.
Next, the researcher proposed approaches to fill these gaps. An application was
developed to demonstrate these approaches.
Then, the researcher evaluated whether the prototype application would
improve smartwatches’ performance in several testing tasks than the primary Android
system did.
In the end, this paper extended the discussion based on the result to give future
researchers ideas of how to improve users’ experiences with smartwatches and their
applications without additional hardware.
3.2

Institutional Review Board

The data analysis for the study was based on researcher observations of human
study subjects. For this reason, an IRB application for non-exempt approval was
submitted on March 22, 2016, and was approved on April 29, 2016(see Appendix A). An
invitation was emailed to thirty friends of the researcher, and the approved consent
form was included(see Appendix B). The first ten friends who responded with signed
consent forms to voluntarily participate in the study were accepted as study participants
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and assigned unique numbers. The researcher observed and recorded the actions of the
participants using their unique numbers, and their personally identifying information
was not recorded for any part of this study.
3.3

Assessment Instruments

The following list identifies the tools used in the study:
 A MOTO 360 2nd Generation smartwatch.
 A HTC M8 smartphone running Android operating system.
 An iPhone 6S for users to input answers during user testing.
 A prototype application which recognizes different contexts by adopting
the approaches raised in the research and executes proper actions to users
automatically.
 A web application developed with PHP and MySQL that asks questions
and checks answers of tasks, and provides API to the Android application to check
their status.
3.4

Prototype

This section provides more details regarding the prototype application created
for this study.
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3.4.1 Overall Structure
As shown on Figure 3.1, the prototype consisted of two parts – The local side
and the remote side.

Figure 3.1 Overall Technical Structure
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The local side consisted of an Android phone, an Android smartwatch and an
Android prototype application that was developed by the researcher. The smartwatch
was the major device with which participants interacted. It ran depending upon the
Android smartphone, which did most of the data processing. The prototype application
demonstrated how ubiquitous data, including text messages, location data and remote
data via web APIs, could be used to improve smartwatches’ context awareness to
automatically and efficiently perform proper actions to help users.
The remote side consisted of a web server and web application that was
developed by the researcher. The remote side represented external contexts where
users interacted with various entities and data was not directly accessible by the
smartphone and smartwatch.
3.4.2 Android Application
The prototype application was developed for Android Wear. For a standard
Android Wear application, most of the complex computing and processing is done on
the connected phones.
The Android application was used to load a preset text message and extract tasks
contained in the message. The application continuously checked users’ locations and the
status of tasks to push various notifications to assist with completion. Figure 3.2
illustrates some of these sample messages.
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Figure 3.2 Screenshot of Prototype Web Screenshot of Prototype Android Application
3.4.3 Web Application
In this study, the researcher also developed a PHP + MySQL web application to
assist with user testing. The web application provided interfaces for users to input
answers to tasks that were required in user testing. It also implemented an API for the
Android application to check the status of each task. Figure 3.3 provides a view of the
web application from a smartphone device.
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Figure 3.3 Screenshot of Prototype Web Application
3.4.4 Ubiquitous Data
This prototype collected and used the following data. Each kind of data
represents a typical category:


Text messages received on the smartphone
The application collected text messages received on the
smartphone, and extracted tasks that need to be done based on
keywords contained in the messages.



Location data
The application made use of location data, including GPS/A-GPS
data from devices’ sensors and data obtained via Google Play services
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client library to make the smartwatch aware of current locations and
make decisions to display corresponding notifications to participants.


The status of tasks.
In the user testing for this research, the status refers to whether a
task has been finished. The status was managed by the prototype web
application running on a web server. It simulated external data generated
in users’ daily lives.
3.5

Testing Methodology

To evaluate the performance of the prototype application, the researcher
compared the smartwatch’s performance in helping users finish several typical tasks
with and without the prototype application.
Ten (10) subjects were invited to participate in the testing. Participants were
recruited from Purdue University.
The testing was divided into two rounds. Each round consisted of eight (8) tasks
which required participants to go to a certain area and enter a answer for each task on
the web interface.
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3.5.1 Testing Procedures
In the first round, participants performed tasks wearing the smartwatch without
running the prototype application. In the second round, participants performed tasks
wearing the smartwatch running the prototype application.
Testing was conducted in a square open field that was 80 meters long and 80
meters wide. The square was divided into four areas each with a name - supermarket,
school, home and airport (see Figure 3.4). To avoid potential learning effects of each
area’s location, each area was assigned a number. Areas were located following a
clockwise direction so that participants would not have problems in finding areas. This
mock setting did not provide typical visual cues to identify the purpose of each of the
four spaces as there would be in a real setting. However, the users were informed about
the dimensions and purposes of each space by number and clockwise direction.

Figure 3.4 Layout of Testing Environment
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Each test subject was given eight tasks to finish. Figure 3.5 shows sample text
messages similar to what a user may have seen. Area names and answers varied
randomly in each round in order to avoid learning effect.

Figure 3.5 Text Message
3.5.1.1 Round 1
In round 1, upon receiving the message, participants received a notification
containing this message on the smartwatch. Participants followed the instruction
directing them to correct areas and enter answers on the webpage. Upon receiving the
text message, the smartwatch not running the prototype application would display a
notification showing the message. Figure 3.6 shows the workflow process followed by
each user in round 1.

Figure 3.6 Workflow of Round 1
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3.5.1.2 Round 2
In round 2, upon receiving the message, the prototype application processed and
separated the message into single tasks. Then the application dynamically analyzed
current contexts and status using ubiquitous data to provide various notifications via the
smartwatch to help participants finish tasks more efficiently and easily. Refer to Figure
3.7 for the workflow process followed by users in round 2.

Figure 3.7 Workflow of Round 2
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3.5.1.3 Notifications
Notifications generated by the prototype application in both rounds included
these types:


Start task X: The application has finished processing the text message and

is ready to help participants to start the first task.


Wrong Area: Participants have not arrived in the correct area for the

current task.


Arrived in area X: Participants have arrived in the correct area for the

current task.


Task X finished: Participant has answered the question with the correct

answer for the task on the web interface.
The researcher observed and recorded what and how many operations each
participant completed in each round and the time spent in finishing each round for
analysis.
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CHAPTER 4.

RESULTS

To evaluate the smartwatch’s performance in each test, the researcher analyzed
the results with statistical methods.
4.1

Data Collection

As stated in Chapter 3.4, the following data were collected:


Operations: Number of times of each operation that each participant did on
the smartwatch in each round. In this testing, operations on the smartwatch
included swipe and tap (see Figure 4.1).

Figure 4.1 Operations





Swipe: Swipe up and down to read notifications.



Tap: Tap to light on the screen when the screen is dimmed.

Time: The total time each participant spent in each round.
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4.2

Variables

In this study, the independent variables were running the application or not
while participants were performing tasks. The researcher sought to evaluate the
performance of the smartwatch by two dependent variables:
1.

Effort cost: The total number of operations each participant did in each

round.
A lower effort cost indicates fewer operations that participants had to do
in finishing the same task, which means the smartwatch’s context-awareness
was improved as it successfully executed more appropriate operations
automatically.
2.

Time cost: The length of time in seconds of each test.
The researcher compared the operations between round 1 and 2 to

evaluate whether the prototype application helped to reduce the time cost to
improve efficiency by recognizing different contexts to automatically present
proper feedback to users.
4.3

Testing Results

Tables 4.1 and 4.2 summarize the results collected by the researcher in
conducting the experiment.
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Table 4.1 Raw Data from Observations of Test Subjects
Participant

1

Operation
Task1

Task2

Round 1
Task3

Task4

Total

Task1

Task2

Round 2
Task3

Task4

Total

4
0
2
2
5
1
6
6
5
1
6
0
5
1
5
2
4
2
6
2

3
0
5
1
2
2
2
1
1
1
7
0
3
0
5
0
3
1
3
0

4
1
7
2
1
1
4
0
4
0
8
2
4
1
3
0
3
0
3
1

4
1
2
1
3
1
2
4
7
1
5
0
3
1
5
1
4
0
3
1

15
2
16
6
11
5
14
11
17
3
26
2
15
3
18
3
14
3
15
4

3
0
0
1
0
0
1
1
2
0
2
0
1
0
0
0
1
0
1
0

0
0
0
1
4
1
1
0
3
1
0
1
2
1
0
1
2
1
2
0

0
0
2
0
2
0
0
0
1
0
0
1
2
0
0
1
0
0
1
0

0
0
2
2
4
1
1
2
4
0
1
0
1
0
2
2
0
0
1
1

3
0
4
4
10
2
3
3
10
1
3
2
6
1
2
4
3
1
5
1

Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap
Swipe
Tap

2
3
4
5
6
7
8
9
10

Table 4.2 Summary of Raw Data Results for Each Subject
Participant
1
2
3
4
5
6
7
8
9
10

Round
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

Swipe
15
3
16
4
11
10
14
3
17
10
26
3
15
6
18
2
14
3
15
5

Tap
2
0
6
4
5
2
11
3
3
1
2
2
3
1
3
4
3
1
4
1

Total
17
3
22
8
16
12
25
6
20
11
28
5
18
7
21
6
17
4
19
6

Time (Seconds)
216
194
217
213
260
237
202
190
244
237
229
213
239
202
260
206
217
208
239
216
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4.4

T-Test

The analysis was done by Paired Sample T-Test. Paired T-Test is a statistical
method commonly used to compare the observation result from same participants in
two different test conditions.
Based on the t value, we can get the p value (Significance) by referring to a ttable or calculators. The p value helps to evaluate whether the two means are
statistically different.
In cases where p>0.05, there is no statistically significant difference between the
results of testing under the two conditions, and the differences are likely due to chance.
In this study, this means the difference between the results is not caused by running the
prototype application.
In cases where p<=0.05, there is a statistically significant difference between the
results of testing under the two conditions, and the differences are not due to chance.
In this study, this means the difference between the results is caused by running the
prototype application.
The next step in the analysis involved finding the average values of all
participants’ results from all operations, swipe operations, tap operations and time. The
software tool, SPSS, was used to complete these next two tables. Table 4.3 shows the

33
results from SPSS of the paired sample statistics of these four parameters of interest.
The paired sample T-Test for each of the four parameters is shown in Table 4.4.
Table 4.3 Paired Samples Statistics
All
Operations
Swipe
Tap
Time

Pair
Round1
Round2
Round1
Round2
Round1
Round2
Round1
Round2

Mean
20.30000
6.80000
16.10000
4.90000
4.20000
1.90000
232.30000
211.60000

Number of samples
10
10
10
10
10
10
10
10

Standard Deviation
3.83116
2.85968
3.95671
2.92309
2.69979
1.37032
19.50527
15.72825

Standard Error Mean
1.21152
.90431
1.25122
.92436
.85375
.43333
6.16811
4.97371

Table 4.4 Paired Samples Test

Pair
Total Round1 –
Round2
Swipe Round1 –
Round2
Tap Round1 –
Round2
Time Round1 –
Round2

Mean

Paired Differences
95% Confidence Interval of
the Difference
Standard
Standard
Deviation Error Mean
Lower
Upper

t

df

Significance
(2-tailed)

13.50000

5.16935

1.63469

9.80207

17.19793

8.258

9

.000

11.20000

5.69210

1.80000

7.12812

15.27188

6.222

9

.000

2.30000

2.35938

.74610

.61220

3.98780

3.083

9

.013

20.70000

15.23191

4.81675

9.80375

31.59625

4.298

9

.002

As shown on Table 4.4, the p values of the T-Test for total numbers of operations,
swipe operations, tap operations, and time are all lower than 0.05, which suggests that
each of these items were significantly reduced from round 1 to round 2.
4.5

Effort Cost

This section will describe the analysis of the effort cost.

34
4.5.1 All Operations
Figure 4.2 shows that the numbers of operations by all participants were
decreased in round 2. In the first round, each participant averaged 20.3 operations to
finish all tasks, while in the second round the number fell to 6.8. The average number of
operations in round 2 was significantly reduced, by 66.5%, with the help of the
prototype application.

Round1

Round2
1

10

9

30
25
20
15
10
5
0

2

3

8

4

7

5
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Figure 4.2 Radar Chart of All Operations
In round 2, the smartwatch was running the prototype application to aid
participants in completing their assigned tasks. The radar chart visually illustrates that a
much reduced effort was required by the participants when the context-awareness of
the application aided their completion of tasks. This means with the help of the
prototype application, the smartwatch reduced participants’ effort cost by automatically
executing proper operations and providing the most relevant notifications to help users
rather than only passively responding with the raw text message.
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4.5.2 Swipe Operations
Figure 4.3 shows that numbers of swipe operations by all participants were
decreased in round 2.
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Figure 4.3 Radar Chart of Swipe Operations
In the first round, each participant averaged 16.1 swipe operations to finish all
tasks, while in the second round the number fell to 4.9. Swipe operations were reduced
by 69.6% in round2, which means participants spent less effort in dragging the
notification to find the information that they needed.
This time savings indicates that the smartwatch running the prototype
application did better in understanding what and how notifications should be displayed
to improve the efficiency of delivering information by recognizing different contexts.

36
4.5.3 Tap Operations
In Figure 4.4 we can see that numbers of operations by most participants were
decreased in round 2.
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Figure 4.4 Radar Chart of Tap Operations
In the first round, each participant averaged 4.2 tap operations to finish all tasks,
while in the second round the number fell to 1.9. Tap operations were reduced by
54.8%, which means participants spent less effort in lighting up the smartwatch’s screen.
As tap operations in this testing were only to light up the screen when it was dimmed
(screen would be dimmed 15 seconds after the last notification or operation), fewer tap
operations means that notifications were delivered in less time when participants were
more likely to be ready to read.
This indicates that the smartwatch running the prototype application did better
in understanding when notifications should be displayed to improve participants’
efficiency by recognizing different contexts.
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4.6

Time Cost

Figure 4.5 shows that all participants spent less time in finishing all tasks in round
2.
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Figure 4.5 Rader chart of time
In the first round, each participant spent 232.3 seconds on the average to finish
all tasks, while in the second round the number fell to 211.6. Time cost in round 2 was
also reduced by 8.9%.
This indicates that by automatically providing notifications that were most
relevant to contexts, the smartwatch running the prototype application improved
participants’ efficiency in finishing the same tasks.
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4.7

Context Awareness

Based on the analysis in Chapter 4.6, the smartwatch running the prototype
application successfully decreased the two dependent variables in this study - effort cost
and time cost by making use of ubiquitous data to understand user’s real-time contexts
and automatically execute corresponding operations.
This reflects an improved context awareness of the smartwatch running the
prototype application than that of the smartwatch not running the application.
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CHAPTER 5.

DISCUSSION, CONCLUSION AND FURTHER STUDY

5.1

Discussion

The prototype application made use of text messages, location data and the
status of tasks accessed via web API to improve smartwatches’ context awareness. Each
of them represents a typical traditional category of data source that are easily accessible.
5.1.1 Text-based Data
Text messages received on smartphones represented traditional text-based data
on smart devices, such as calendars, notes, emails, as well as some other local data
generated by other applications. They contain many useful details of user’s personal
information, schedules and clues of entities that may interact with users. By making use
of text-based data, smart devices are able to understand users’ lives by knowing when
to start, where to go, who to interact with and what to do. Figure 5.1 shows how the
text message was formatted with special characters to make tasks and keywords easy to
split.
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Figure 5.1 Workflow of Extracting Tasks from Text Message by the Prototype
By extracting, categorizing and grouping keywords, the prototype application
successfully understood orders of tasks, areas to go and what answers to input in each
task by extracting keywords from the text message. It enabled the smartwatch to
predict what contexts might come up without requiring that users manually input or
create schedules. This presented a very basic example of how text-based data on smart
devices can be used to improve smart devices context awareness.
Rather than being pre-formatted, in real world practice, text-based data is highly
diversified, which makes it hard for smart devices to understand. Integrating modern
technologies such as NLP (Natural language processing) can be a good solution.
Natural language processing is the technology that helps computers to
understand natural human languages in text and voice data, as well as produce output
that follows natural language grammar. At the moment, NLP is still more a research
topic than a mature technology that is fully practical. However, some research groups
released their NLP tools to the public, which allows the study of applying NLP to
improving context awareness of smart devices.
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For example, the Stanford Natural Language Processing Group released their NLP
tool – Stanford CoreNLP. It is a suite of core NLP tools that can be easily integrated into
software. It can “give the base forms of words, their parts of speech, whether they are
names of companies, people, etc., normalize dates, times, and numeric quantities, and
mark up the structure of sentences in terms of phrases and word dependencies, indicate
which noun phrases refer to the same entities, indicate sentiment, extract open-class
relations between mentions, etc.”(“Stanford CoreNLP – a suite of core NLP tools |
Stanford CoreNLP,” n.d.) .
With tools like CoreNLP, text-based data of natural language in real world can be
systematically extracted into entities, locations, times, stories that are related to user’s
contexts. By making use of these elements, smart devices can get answers to where,
what, who, how, with which context awareness can be highly improved.
However, limited by computing ability and battery capacity, it is not practical to
directly integrate NLP tools into mobile devices. A better way is to provide NLP services
via web APIs. Some organizations has already started to provide NLP web services, such
as Aylien. Their NLP services provides various functions including classification,
sentiment analysis and entity extraction. All these services are implemented via RESTful
APIs, which can be easily integrated by modern mobile applications as well as web
applications at a very low cost of energy and system resources.
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5.1.2 Location Data
In this study, the application only made use of basic GPS data, but it represented
various data that can be collected via modern location based services, which provides
detailed location data and related real world information.
For example, with online map services, smart devices can get geographical
coordinates of places of interests by literal name and keep updating user’s distance and
estimated time to arrive in real time. This will enable smartwatches to predict users’
situations and make better decisions on what actions to perform automatically. Such
services have already been released by some platforms such as Google Places API(see
Figure 5.2).

Figure 5.2 Google Places API
Google Places API enables applications to provide users with rich information
that is related to users’ locations, such as points of interests, local businesses and
estimated time of arrival in by different vehicles. By combining such services with users’
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geographical location or locations extracted from text-based data, smartwatches can
understand users’ geographical contexts and provide users with proper assistance.
At the moment, although many applications have integrated various location
services, these services have seldom been integrated for the purpose of systematic
context awareness; therefore, better solutions are still worth exploring.
A problem that may obstruct location-based context awareness is that GPS signal
is not accessible in buildings. This may lead to a blindness of geographical context while
users are indoor. This can be roughly solved by some A-GPS services like Google Maps
Geolocation API which obtain users’ location based on cell towers and WIFI nodes (“The
Google Maps Geolocation API,” n.d.). However, the accuracy of A-GPS is very
unpredictable and deviation is usually more than tens of meters. This unpredictability
will make it difficult for devices to perform context-aware operations.
Indoor location awareness remains a vacancy to be filled by indoor navigation
technologies. Many indoor navigation technologies have been raised, such as by visible
light

communication(Madoka

Nakajima

&

Shinichiro

Haruyama,

2011)

and

NFC(Ozdenizci, Coskun, & Ok, 2015), but there is still no commonly adopted approaches.
A practical and commonly-accepted indoor navigation solution is still elusive.
5.1.3 Remote Data
The status of tasks was an important clue for the prototype application to
understand the status of users’ interactions with other entities in external contexts. This

44
represented ubiquitous remote real world data that is not directly generated by smart
devices themselves, but can be obtained in some way with the help of web services and
APIs.
For example, FlightAware released an online flight status tracking API, Flight XML
API. The API enables applications to query flight information and track flight
status(“Flight Status API,” n.d.). By such services, status of flights that are within user’s
contexts can be accessed. This can help smart devices to understanding the latest status
of users’ interaction with these flights, such as telling whether users’ flights are on time,
whether users are in flight or have already disembarked the plane.
The other example is that nowadays huge amounts of data are being produced
every second on social network platforms. Instant information about every aspect of the
real world can be collected by making use of these streaming data sources.
For example, Twitter offers the Streaming API which enables access to Twitter’s
global stream of Tweet data(“The Streaming APIs,” n.d.). If a context-aware system
makes use of streaming, the system will be able to intimately understand what is
happening in external contexts and smartwatches’ context awareness can be highly
improved. Examples can be:


When users are watching football games in a stadium, by making use of
Tweet data via its API and processing the data with NLP technologies,
smartwatch can keep updating users with the latest scores.
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Imagine a user is in a city where a terrorist attack is happening. By making
use of streaming data on social networks, the smartwatch can understand
what is happening and warn the user of danger and keep updating the user
with places to avoid.

These examples demonstrate how smart devices can obtain real world
information that is not directly accessible and even not known by users themselves by
making use of remote data sources. These remote data sources help to improve
smartwatches’ awareness of entities, stories, status in both predictable and
unpredictable contexts.
5.2

Conclusion

This study explored the possibility and performance of using ubiquitous data to
improve smartwatches’ context awareness. The experiment showed the feasibility with
a result that the smartwatch’s context-awareness was significantly improved in helping
participants’ to finish tasks by making use of various traditional data that can be
accessed easily without extra sensors.
With the rapid development of technology and the internet, more and more data
about users’ daily lives and external contexts are being generated every second. The
value of this data should be recognized, and by making use of this data, we can highly
improve smartwatches context awareness without any modification to current
hardware or extra cost.
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Generally, because smartwatches work as accessories that deliver information to
users when users are of low availability, smartwatches that require less input while
presenting information more intuitively will achieve a higher usability.
Therefore, improved context awareness will make smartwatches smarter and
work more intuitively. As many users have the hope that smart devices understand their
status and help them with their daily lives more intelligently(Pascoe et al., 2007),
smartwatches with better context awareness will be more satisfying and useful, as well
as contribute to marketing performance of smartwatches.
5.3

Further Study

This thesis discussed how ubiquitous data can be used to improve smartwatches’
context awareness. The experiment in this study indicated a supporting result which
showed a significantly decreased effort cost and time cost of users to finish the same set
of testing tasks by making use of text messages, location data and remote data.
The scope of this research was limited by available devices, resources, time and
number of participants. Further studies are needed to enhance the theory and fill more
gaps. The researcher recommends the following directions for further study:


The researcher conducted user testing with only a Moto 360 smartwatch.

Testing with different devices will promote the generalization of results of this
research. The prototype application developed for the testing was for Android
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devices, which means it can also run on most other Android smartwatches such
as Huawei Watch, LG G Watch and Samsung Gear Live. For smartwatches
running other OS, such as Apple Watch which runs Watch OS and Samsung Gear
S2, similar applications can be developed easily while these devices do not
support the application provided in this research.


The user testing in this research was conducted in a 80m * 80m square

area. This layout could limit findings that are related with real world scenarios.
The researcher recommends other researchers conduct testing in more
diversified scenarios that more closely match users’ daily lives in the real world.


Ubiquitous data covers many more types of data than the data limited to

this research. It is highly recommended that other researchers explore
performance of similar approaches with more data sources, such as data from
multiple, built-in sensors on smartwatches, various web APIs and data generated
by other applications.


In this study ten college students at Purdue University were recruited and

participated in the user testing. The population is relatively small and their
backgrounds are similar. Differences of result may arise in different groups, and
more findings may be found with more subjects to participate. Other researchers
should explore new findings by conducting similar experiments on more
participants.
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